Summary &horbar; Two specific enzymes, glucokinase (GK) and glucose-6 phosphatase (Gic6Pase) enable the liver to play a crucial role in glucose homeostasis. The activity of Glc6Pase, which enables the liver to produce glucose, is increased during short-term fasting, in agreement with the enhancement of liver gluconeogenesis. During long-term fasting, Glc6Pase activity is increased in the kidney, which contributes significantly to the glucose supply at that time. On the other hand, GK activity, which allows the liver to utilize glucose, is decreased during fasting. In the fed state, the mechanisms of short-term regulation of the activity of both enzymes takes place during the postprandial period. Liver GlcPase activity is inhibited after refeeding in rats. The inhibition mechanism could involve intracellular metabolites of glutamine and glutamic acid, such as a-ketoglutarate, and/or of triglycerides, such as unsaturated fatty acids and acyf-CoA esters. Liver GK activity is activated during the postprandial period. The activation mechanism involves a regulatory protein and the intrahepatic metabolites of fructose, ie fructose-1 phosphate and fructose-6 phosphate.
INTRODUCTION
The liver plays a crucial role in the regulation of glucose homeostasis since it has the capacity to both produce and utilize glucose (Glc) . The expression of two specific enzymes enables the liver to perform this double capacity: glucokinase (GK), responsible for the phosphorylation of Glc in position 6 and therefore for its utilization, and glucose-6 phosphatase (GlcPase), responsible for the dephosphorylation of glucose-6 phosphate (Glc6P), thus allowing the liver to release Glc. GK is a monomeric 52 kDa protein, located in the cytosol of the hepatocyte . It has been demonstrated that a 62 kDa cytosolic protein is able to bind to GK and to regulate its activity (Van Schaftingen, 1989; Schaftingen, 1990) . The Glc6Pase-catalytic subunit is a 40 kDa hydrophobic polypeptide, located in the membrane of the endoplasmic reticulum . It has been suggested, but not proven, that a regulatory subunit is associated with the Glc6Pase-catalytic subunit within the membrane Granner and Pilkis, 1990) . As a consequence of the decrease in insulinemia, the liver GK activity rapidly diminishes during fasting (Vandercammen and Van Schaftingen, 1993) . This is in keeping with the decreased capacity of the liver to utilize Glc under these conditions. It is worth noting that the amount of GK regulatory protein in the liver decreases as well, albeit less markedly (Vandercammen and Van Schaftingen, 1993) .
Very little is known about the gene regulation of Glc6Pase, since it has only recently been cloned in murine and human species Shelly et al, 1993) . It is well known that liver Glc6Pase activity is increased in insulinopenic-diabetic animals, and restored to normal levels through insulin treatment (Ashmore et al, 1954 . This peculiar evolution could have an important role in the decrease of liver glucose output known to occur in prolonged starvation (Owen et al, 1969) . In this situation, gluconeogenesis is strongly enhanced in the kidney, and may, under these conditions, account for 44% of total glucose production (Owen et al, 1969) . In agreement with the increased participation of the kidney in total glucose production during long-term fasting, kidney Glc6Pase, which progressively increases during the first 2 days of fasting in rats, continues to significantly increase during the longer period of starvation (72 and 96 h) . These data emphasize the important role that Gic6Pase could play in triggering gluconeogenesis in both gluconeogenic tissues.
After cloning Glc6Pase cDNA in mice, we amplified a rat Glc6Pase cDNA by reverse transcription-polymerase chain reaction from the total rat liver RNA, using oligonucleotide primers derived from the murine sequence . This cDNA, used as a Northern blot probe, has allowed us to address the question of the role of the abundance of Glc6Pase mRNA in the expression of GlcPase in both tissues during fasting. The time-course for the activity of the Gic6Pase catalytic subunit was similar to the time-course for the Glc6Pase mRNA level in the liver and kidney. In addition, refeeding 48 h fasted rats for 24 h promoted normalization of both the abundance of mRNA and its activity in both tissues . These data strongly suggested that the control of Glc6Pase activity during fasting could take place mainly at the pretranslational level.
REGULATION OF GK AND GLC6PASE ACTIVITY IN THE POSTPRANDIAL PERIOD
The idea that Glc6Pase activity could be inhibited after refeeding was first suggested 10 years ago (Newgard et al, 1984 (Mithieux et al, 1990 ). This aKG-induced inhibition of Glc6Pase takes place within the physiological range of concentration of the effector (10-50 pM) . aKG is an important liver cytosolic metabolite of glutamine and glutamic acid (Meister, 1984 (Mithieux et al, 1993) . It has also been reported that Glc6Pase is inhibited by fatty acyl-CoA esters in a dose-dependent manner at low concentrations (0-20 pM). This effect is dependent on the acylchain length. The longer the chain length, the higher the inhibitory effect . It would be interesting to address the question of the putative role of fatty acids and/or acyl-CoA esters on Glc6Pase in vivo. The concentration of fatty acyl-CoA esters is increased in the liver during fasting (Woldegiorgis et al, 1985) . Fast (Mithieux et al, 1993 A very interesting observation is that the mechanism by which GK is inhibited by its regulator (R) is dependent on intracellular metabolites of a nutrient: fructose. R exhibits a binding site for fructose-6 phosphate (Fru6P). In the presence of Fru6P, R-Fru6P is able to bind to GK to form a GK-R-Fru6P complex in which GK is not active (Vandercammen and Van Schaftingen, 1990 ). The effect is dependent on both the concentration of Fru6P and of R (Van Schaftingen, 1989) . Fructose-1 phosphate (Fru1 P) is able to displace Fru6P from R in a dose-dependent manner (Van Schaftingen, 1989 ). RFrulP is then no longer capable of interacting with GK, which therefore becomes fully active (Vandercammen and Van Schaftingen, 1990 
